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ABSTRACT 



An inclusion complex of diclofenac, preferably as diclofenac sodium, and an 
unsubstituted beta-cyclodextrin has the formula 1 molecule of diclofenac to 1 
molecule of the unsubstituted beta-cyclodextrin and preferably from 5 to 11 
water molecules. The inclusion complex may be formulated as a 
pharmaceutical composition. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN 
EXCLUSIVE PROPERTY OR . PRIVILEGE IS CLAIMED ARE 
DEFINED AS FOLLOWS: 

1 An inclusion complex of diclofenac or a pharmaceutical^ acceptable 
salt thereof and an; unsubstituted beta-cyclodextrin which has a molar 
ratio of diclofenac or a pharmaceutically acceptable salt thereof to the 
unsubstituted beta-cyclodextrin of 1:1- 

2 An inclusion complex according to claim 1 which includes water in 
a molar ratio of diclofenac or a pharmaceutically acceptable salt 
thereof to the unsubstituted beta-cyclodextrin to water of 1:1:5 to 

■ 1:1:11. • '., "... • ;.. ,. _ ,; . ,;, .. 

3 An inclusion coinplex according to claim 1 which has a solubility in 
deionised water of greaterttom l(hng diclofenac per inmilitre at 20°C 
and a pH of 5-7. 

4 An inclusion complex according to claim 1 wherein the diclofenac is 
present in the complex as diclofenac sodium. 

5 . An inclusion complex according to claim 1 wherein the diclofenac is 

present in me complex as diclofenac potassium. 

i 6 An inclusion complex according to claim 4 which has substantially 
the X-ray powder detection pattern of Figure 3. 

An inclusion compjex according to claim 4 which has the formula 
(diclofenac ^dium).(beta-cycI6dextrin).llH 2 0. 

An mchuion complex according to claim 7 which crystallises in 
layers of plane - group p6 parallel to the (001) plane, complex 
molecules in each successive layer being rotated by 60° about the c- 




Ili*^^*'-^ -'^•Mci?tC i£ V : -v..--V. ^OhC?££^ 
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axis from the complex molecules in the layer above. 

9 An inclusioh complex according to claim 8 having the structure 
substantially as illustrated in Figure 1. 

10 An inclusion conifer mi m ^substituted, 
beta-^ 

, i^si*^^ 1 :1 and which has substantially the 

V - X-ray ^d^'4^^9^P^^ °* Fi 6^ ^ : ; ; 

,11 of diclofenac or a 

\ ■ , : ; ^ an unsubstituted beta- 

cyclode>(^ ^ | 

,: • ' ; (a) im 
■'. - _ thwctf^ 

(b) fid<^ of 

4*-. 




■ . • v.*. :•".;■,*.>*■■ •v-K'-sv/. 



5 mixing is' V • . \*mm?mm 



lielnfesnac^ 
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(e) dissolving a suitable amount of diclofenac or a 
pharmaceutically acceptable salt thereof and a suitable amount 
of an unsubstituted beta-cyclodextrin in water at an elevated 
temperature; and 

(f) cooling the solution and allowing the formation of the 
inclusion complex by evaporation of the water over a period 
of time. . 

A process according to claim 13 wherein the temperature in step (e) 
is about 70°C. 



15 A process according to claim 13 wherein in step (f) the period of 
time for evaporation is from one hour. 

16 A pharmaceutical composition which comprises as active ingredient 
an inclusion complex of diclofenac or a pharmaceutically acceptable 
salt tiiere^f according to claim 1 or claim 10. 

^ pL.« M Maiiti^Ai Mmnnsinan wiuvn:vuuivAA0«>i as acuve ingredient 



an 



mclusion complex of diclofenac or a pharmaceutically acceptable 
salt thereof which is produced by me process of claim 11 or claim 
13.. ' 
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Ti>r y KROlJNDfOF TWF. INVENTION 



J^cyclodextrin is. a qrclic ^compound consisting of seven units of. o-(1^4) 
, .Jihke4 D-glucb:p^^ 



4e properties ^ 
": known! and h^: .been 'reviewed in detail Isee Szejtii, J, Cyclodextrin 



<g : • This invention relates to an inclusion compound tomplex of diclofenac or 

^•V-./ ; aph™^ / ■ !3S|SS: 

S ; Diclofenac, also, know* as 2-[(2,6-dichlorophenyl)an^ acid or ; WS0t 

W" ■ ; ([<^^ its salts are well ^™ ^ . • • ' 



: .*■>;■.■■■-. i j-^!-- j inMiiQtnti r-nmnlexes are weU : fe£M-y i; vs 



Ll/i." ■■■■ ■■' "■ ' 
!.%'■•; ;.f t 




• 2133885 



Technology (1988) Kluwer Academic Publishers, Dordrecht]. Briefly, 
cyclbdextrins are corriiiercially available cyclic oligosaccharides composed of 
6 7 or 8 glucopyranose units (alpha-, beta- and gamma-cyclodextnn 
respectively) characterized by a cone-like molecular shape. The cavity of the. 
cone is hydrophobic whilst the exterior is hydrophilic. The hydrophobic nature 
of the cavity endows the molecule with the ability to form inclusion complexes 
with hydrophobic guest molecules of suitable s|ze to fit into the cavity of the 
host. The inclusion complex may be stabilized by a number of forces including 
van der Waals attractive forces and hydrogen bonding.; Polar (ionized) groups 
are less readily included than les^i>olar (umomzeoO groups. 



2133885 



in the physicochemical properties of the guest on inclusion complexation with 
a cyclodextrin provide evidence that, the cyclodextrin inclusion complex 
represents an unique solid state form of the guest molecule. 

Depending on solvent conditions, the dissolved inclusion complex exists in 
equilibrium between uncompleted host and guest and complexed host/guest 
Orally administered cyclodextrin-drug inclusion complexes generally result in 
rapid absorption of the drug, facilitated by the cyclodextrin, whereas the 
cyclodextrin is not absorbed to any significant extent. Additionally cyclodextrin 
inclusion complexes of certain drugs have been shown to reduce gastrointestinal 
side effects [see Fr6mming, K-H & Szejtli, X (^clodextrms m Pharmacy 
(1988), Kluwer Academic Publishers]. Cyclodextrins therefore possess ideal 
properties as true drug carriers. Cyclodextrins and toe^ 
possess favourable flow, binding and compaction properties facilitating tablet 
compression. 

Microencapsulation of drug molecules in cyclodextrins (CDs) has been 
' extensively used, in me pharmaceutical industry to produce nipre stable drug 

preparations wim improved^^ With* view W ^dieting crystal 

- , packing airajigments: to analyses . of available 



been drawn, reg 

the following relevant prior art is ! known m relation to inclusion complexes' of 
cyclodexteins and diclofenac.. . 

?\ ' (1) Beta^yclodextrin and particularly hydroxyalkyl ether derivatives have 
been reported to increase the aqueous solubility of diclofenac 
[Solubilization and Stabilization of Nonsteroidal Antirheumatics with 
Cyclodextrins and Cyclodextrin Emers, Backensfeld, T. and Mueller, 
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Ai^ Plfe I990i 323,: 690; ^Interaction of NSA with 

•:>-• ^d^^^M^^i^^^^^' Backensfcld ' 



■A.*:;.;;!- 




(5) An inclusion complex of diclofenac sodium and beta cyclodextrin was 
formulated as microspheres using crosslinked egg albumin and 
hydroxypropylmethylcellose [Albumin Microspheres and Beta- 
cyclodextrin Inclusion Complex Containing Diclofenac Sodium, Devi, 
S.G et al. Ind. J. Pharm. Sci. 1992, 54, 259-261].Relative to free 
diclofenac sodium poor overall release was obtained for the complex as 
measured by diffusion of the drug across dialysis membrane. Detailsof 
preparation of the complex are . not described and neither are any 
analytical methods described to provide evidence of complexation. 

In the above studies (3 and 4) the so-called cc>-precipitation method of complex 
formation is described. The co-precipitation method is known generally to 
produce low yields of complex [Inclusion Compounds of Non-Steroidal 
Mtimnammatory and other slightly water soluble drugs with a-« and p- 
Cyclodextrins in Powdered Form; Kurozumi, M. et al. Chem. Pharm. Bull. 
1975,23,3062-3068]. Additionally, the frequent use of ethyl ether (3 and 4) is 
undesirable in the industry owing to explosion and narcotic hazards. The 
tendency for inclusion of ethyl ether also presents potential risk of high residual 
ether levels in the dried complex rendering the product unsuitable for 
pharmaceutical application. 

(7) PCT WO90/02141 to Australian Commercial Research and Development 
Limited teaches inclusion complexes comprising an amino cyclodextrin 
derivative wherein at least one C2.C3 or C6 hydroxyl is substituted with 
NH* and inclusion complexes comprising a cyclodextrin having at least 
one substitution where a C2, C3 or C6 hydroxyl is substituted with a 
^selected 'from a ptWcutar tit, .W'^'colfapon^ of <64 
complex being for example diclofenac. In addition this reference covers 
a pharmaceutical composition for oral adnumstration contauting such an 
■"; : mchision complex. There is no specific disclosure of an inclusion 
complex of diclofenac or diclofenac: sodium and an unsubstituted beta- 
cyclodextrin. 




1 

(8) European Patent Application No 5 19428 to Takeda Chemical Industries 
Limited teaches a pharmaceutical composition comprising a slightly 
water soluble drug, for example diclofenac, a cyclodextrin and a water 
soluble organic solvent, particularly for . injection. It is mentioned that 
in many cases the composition forms an inclusion compound with the 
cyclodextrin. It is also mentioned that the cyclodextrin may be beta- 
cyclodextrin: There is no disclosure of an inclusion complex of 
diclofenac or diclofenac sodium and an unsubsUtuted beta^yclodextrin. 

(9) Japanese Patent Application No JP59084821 to Teikoku Chemical 
Industries Lin^ted;^ 

which contains cyclodextrin. ^ The; molar ratio of cyclodextrin to 

diclofenac is 0.05-^ 
Zcyclodexki .may .be used. In.the preparation of this product, diclofenac 
is mixed with cyclodextrin.: After the addition ofyrater, the mixture is 
kneaded awlcWedr^teniatively, diclofenac and cyclodextrin are added 
to water and stirred 

dried or lyophilised. . There is no indication of the formation of an 
. inclusion complex.. - • . * 

Japanese^ P^^^ation ; No! ^6016547 to / Wakamoto 
, • Ptouirtf^uti^ Limited teaches an antiphlogistic eyedrop 

. wbichcbmprises a^lof^ 

; Abyclbdextti^^ no^mdicatioii> 
; that me cUcl^ cyclodextrin fomi an mclmion wmpl^ 

^ ^l) Vi bermi:pln|^ , 
r '^water- spile .i^^ 



?¥&v*?^^r?>'- : ~-:' v ■ •'' " : beta^ "7^'' .• '~v;.v:t-^r./ :'v.' : ■ y'- 



1$$ 



•>•>, $.1 . £ r,* « » ' v. • ; • , 

(I- V:: 1!.* V.;* ; i : j' ' ■ v ' • '* 
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South African Patent No 84/8156 to Cfcesi Farmaceutici SpA teaches 
compounds obtained by complexation of piioxicain with a-, B-, or y- type 
cyclodextrins, in ratios comprising between 1:1 and 1:10 of piroxicam and 
cyclodextrin respectively. These compounds may be used in pharmaceutical 
compositions, particularly suitable for oral adrninistration. 

South African Patent No 91/2282 to Chiesi Farmaceutici SpA teaches a novel 
process for the production of piroxicam-cyclodextrin complexes wherein the 
piroxica^ and me cyclodextrin, bd^ 

solid state and optionally degassed, the mixture obtained is co-ground in a high 
energy mill with the grinding chamber saturated with steam, and the product 
obtained is dried under vacuum and screened to eliminate any aggregates. 

There is a need for 



cttmtUAPV OTT THE IN VENTION • 

. . According to a first aspect of the invention there is provided, an inclusion 
... v complex of diclofenac or a ; pbirmaceuticaUy; ^ce^le satt thereof and.an 
\ ^ a molar ratio of diclofenac or a 

; • ; of i:i. ■'• ■ 

, The mclusion complex preferably mcludes, water, and molar ratio.of 
V ! > :' diclofenac or a pharmaceutically 'acceptable salt thereof to the unsubstituted 
• ; r . beta-cyclodexrrin to water of about 1 :1:5 to 1:1:11. ; • ; 

i fteferabtyi the mclus^n^cbmplex; has a solub^ityin deionised water of greater 
■ ; : . : in 10 mg of<Kciofenacor^ acceptable salt thereof per 

H^milliHtre at';20?G: ;: --. '■■ , ! > : ' r>V 



;,Vi;{;v.*' 
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Preferably, the diclofenac is present in the complex as diclofenac sodium. 

According to a second aspect of the invention there is provided an inclusion 
complex of diclofenac sodium^^ 

a molar ratio of diclofenac sodium to the unsubstituted beta-cyclodextrin of 1:1 
and which has substantially the X-ray powder diffraction pattern of Figure 3. 

The representative X-ray powder diffraction pattern of Figure 3 was generated 
from the unit cell data, space group data, fractional atomic co-ordinates and 
thermal parameters of the atoms determined from a single crystal X-ray 
structure analysis as described in Example 1 . The pattern was calculated over 
: the 2 theta range 6-40° from Cu-ka radiation (X= 1.5418A) using the program 
LAZY PULVERK. (See Yvon, N.; Jeitechko, W; and Parthe E.J. (1977) J. 
Appl. Crystallogr.i lOi 73-74). ; 

The mchision complex o^ unsubstituted beta- 

cyclodextrin preferably has foe fo 

(dicloferiac sodium)^ • 

; This ihdusion com^ in layers of plane group p6 

^•parallel:*) the (OO^ plan^complek mol^ each successive layer being 
ilXrbtatedby 60» a^ie wJ&Pni the implex molecules in the la^er above, 

^MoWpto 



V figure 1. 



^Theaicto^ 

: Accord^ to^mW thJ irWentibn there is provided a. process for 

-prq,aring ; an iMnkon complex of a pharmaceutical^ acceptable 

^toofW ^ includes the steps of: 




mmm 




. ismmsm 
" liiii 
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(a) mixing the diclofenac or the phamaceutically acceptable salt 
thereof and me beta-cyclodextrin; 

(b) a ddmg a smtable amount of water to m^ 
vigorous mixing until a paste or a slurry is formed; 

■■'• '(c) continuing the mixing with further addition of water if necessary 
to maintain the paste or the slurry consistency, for a suitable 
period of time to form '.'the inclusion complex; and 

(d) drying the product of step (c). 

Preferably, in step (c) the mixing is continued for a period of time from 0.25 

•■hours. .. 

According to a fourth aspect of the invention there is provided a process for 
preparing an inclusion complex of diclofenac or a pharmaceutical* acceptable . 
salt thereof and an unsubstituted beta-cydc4extrm whkh mcludes the steps ^ 

(e) dissolving a ^suMfe amount of OKlofenac or a phannaceutically 
accepiible salt tnereof and a suitable amount of an unsubstituted 

, beta-cyclodextrin in water at an elevated temperature; and 

( f) coolmg the solution and aUowing the formation of the inclusion /;. 
complex by Evaporation of the water over a period of time. 

iV The temper^rure'in step (e) is preferably around 70°C.: 

v The period of ti^w for e^oradon in step<j);is ; preferably from 1 hour. 

;V-^c^gtbafifiaspert 

composition which comprises as the active ingredient an Elusion complex of 
\ diclofenac or i i&ceu^cally acceptable; salt thereof and an unsubstituted . 
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beta-cyclodextrin as defined above. 



The phannaceutical composition may be fonnulated for oral administration. 



TtPTFff tiFSCP™™™ OF THF. DRAWINGS 



•v" i 



Figure 1 is a stereo drawing of a diclofenac sodium-B-cyclodextrin 
inclusion complex of the invention viewed from the primary B- 
CD face H atoms, are omitted. Three of the hydrogen bonds 
referred to in the specification are indicated by dashed lines; 

Figure 2 is a projection showing the helical arrangement in one stack of 
complex molecmes according to the invention; 

Figure 3 is a representative X-ray powder diffraction pattern for the 
. inclusion -, compound beta-cyclodextrin diclofenac sodium 
undecahydrate as described in Example 1; 

Figures 4A are X-ray powder diffraction patterns for Sample 1 (inclusion 
and 4B complex from Example 2) and Sample 2 (*^^^^ 

beta^yclcxlextrm as a stoichiometric physical irdxture) directly 
TM^ri:w* P>2^ ^ : ^ degrees on a powder 
diffraction i X-ray goniometer using Cu-Ka radiation (X = 
• i.541?A>; ; ; ■'; 

Figurt'i ' ' a portion of tiie ; infrared' spectta^ dictofenac sodium aid 
beta^yclqdextrin as stoichiometric physical rnixtute (solid line) 

6. Important bands are annotated witii wave numbers (cm 1 ); 

Figure 6 depicts the stroctvire and proton notation of diclofenac sodium 
. ' ^ description of Example 7; 




mm 



semap 



mm 




I 
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Figures 7A are continuous variation (Job) plots obtained from proton 
and 7B magnetic resonance spectra of a solution of diclofenac sodium 
and beta-cyclodextrin in deuterated water as described in 
Example 7. Figure 7A is a continuous variation plot for beta- 
cyclodextrin 3 ' and 5' protons with the chemical shift difference 
bemg relative to free beta-cyclodextrin (x 10- 3 ppm) and with 

[BCD] being total beta-cyclodextrin concentration (mMol). 
Figure 7B is a continuous variation plot for diclofenac B,E,F and 
H protons with- chemical shift difference being relative to free 
diclofenac sodium (x > 3 ppm) and with (DIC) being total 
diclofenac concentration (mMol); and 

Figure 8 depicts energy niinunised molecular models of possible modes 
of inclusion as indicated by proton magnetic resonance 
experiments described in Example 7. 



TlF,STRIFnnN OF EMBODIMENTS 

The crux of the invention is| that there is formed an inclusion compound or 
complex of diclofenac and an unsubstituted beta-cyclodextrin, with certain 
specific characteristics. 

There are various.processes for. forming this inclusion compounder inclusion 
v complex A tlrsj 

the formation of apaste. A second way of forming the inclusion compound or 
' V compW mvolves-me'fbrmatiori of a slurry, Thes'e' two' processes afe set out 
■ ' in. more detail below. ■ . . . 



' PASTE '.; 

(1) The required amount of pre-screened diclofenac or. a pharmaceutically 



V j;'.'" .■• l .V.*.'- < . t ? 
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acceptable salt thereof and the beta-cyclodextrin are mixed. - , 

(2) A suitable amount of water, preferably deionised purified water, is 
added to the mixture of step (1) with vigorous mixing until a paste-like 

consistency is reached. ->r: : : ■ .m-: 

(3) The mixing or kneading is continued, with further addition of water if 
necessary, to maintain the paste like consistency, for a suitable period of 
time to form the inclusion complex, preferably for a time of from 0,25 

hours to 1 hour. ■ • : W^M^M 



(5) The slurry is dried, preferably spray dried or spray granulated, to give 
the product. 



(4) The product of step (3) is dried. 
Thereafter, the product may be screened. 
SLURRY 

(1) The required amount of pre-screened diclofenac or a pharmaceutical^ 
acceptable salt thereof and the beta-cyclodextrin are mixed, optionally 
with microcrystaUine cellulose in an amount of 5-1 5%m/m. 

(2) A suitable amount of water, preferably deionised purified water, is 
added to the mixture of step (1) with vigorous mixing and with optional 

heating until a slurry is formed. , '. , £|&^k$! 

■ . ' '• ■ ■ ■ V ' , ' . iv^f:i:>'$'£- 

: • •• . ' ■ ' • . . li^i&sj. 

(3) The mixing is continued with further addition of water if necessary to ||S^ 

' • ''mintato tfe slimy consistency for a' siihabfcpenod of'time tel form-to •< . |f|S|| 
inclusion complex, preferably from 0,25 hours to 1 hour. : ' 

(4) Optionally, the slurry is passed through a colloid mill. . ?£ffo5£ 




:;<jv 



MS 




- > : • : * 
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Evidence for complexation is provided by solubility data, infrared spectrometry 
and Xrray powder diffraction. 

Compared with solution processes of complexation (co-crystallization or 
precipitation, spray drying or freeze, drying) the processes according to the 
invention provide the following advantages: 

(i) satisfactory complexation within one hour as opposed to several hours, 
days or weeks 

(ii) reduced amounts of solvent... 

(iii) high yield 

(iv) high solubility owing to favourable particle size distribution 

(v) suited for industrial application 

A third way of forming an inclusion compound or complex of diclofenac or a 
pharmaceutically acceptable; salt Ihereof is set out below. This third process 
includes the steps of: :. ;:;; .;:; > 

(1) . dissolving a suitable amount of diclofenac or a pharmaceutically 

acceptable salt thereof and a suitable amount of an unsubstituted beta- 
cyclodextrta m water at an elevated temperature; and 

(2) c()0lmg me solirtion^^ formation of the inclusion 
complex by evaporation of the water over a period of time. (The period 
of time may be from one hour up to and exceeding 1 day.) 

The Inclusion' ^mpWbfthi'iiivMon.is'aii inclusion complex of diclofenac 
. . or a phanruiceutically : : acceptable salt thereof and an unsubstituted beta- 
■ - cyclodex^ 

, salt thereof, calculated as diclofenac.; : free acid,, to unsubstituted beta- 
: ' cyclbdextrih, of:i^;and;preferabty 4s solubility in deionised water of greater 
V'than lOmg dlclbfenac per millilitre at 2Q?C and pH5-7. .. 




0h 
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The inclusion complex preferably has a molecular composition of one molecule 
diclofenac as a pharmaceutical^ acceptable salt, e.g. diclofenac sodium or 
diclofenac potassium, one molecule of unsubstituted beta-cyclodextrin and from 
5 to 11 water molecules inclusive. 

Preferably, the complex has substantially the X-ray diffraction pattern of Figure 
3 or Sample 1 of Figure 4. 

The inclusion complex may be formulated in a pharmaceutical composition, for 
example a pharmaceutical composition suitable for oral adrrumstration. For 
example, the pharmaceutical composition may be presented in the form of a 
tablet, a capsule, or a powder, suitable for oral administration. 



Example 1 



Various examples of the preparation and characterisation of inclusion complexes %$M®$ 
formed between B-cyclodextrin and a diclofenac salt, diclofenac sodium, will 
now be given. 



The complex is prepared by mixing 56mg of diclofenac sodium and 200mg of 
J^cyclodextrin in 2ml distilled water at 70°C until dissolved completely. The 
solution is then cooled slowly to room temperature over approximately 12 hours 
and left to stand for a number of weeks whereupon the complex crystallises as f^^gv. 
fine colourless needles with an hexagonal cross-section. It is important to note f J$£tf | 
that the B-cyclodextrin was not dried prior "to use and from mennogravimetric • 
Analysis contained approximately 10,75 water: molecules per B-<7cilodexrra ■ ' fil'IS 
molecule. The ratio of diclofenac sodium to fl-cyclodextrin used is therefore 
1 -.0,85 and weights may require adjustment depending on water content of raw 
materials. More rapid precipitation of the complex can be achieved if the 
concentration is increased approximately four times. However, this may require 
a smaller ratio of B-cyclodextrin to diclofenac sodium to avoid precipitation of 
B-cyclodextrin hydrate, The fine needles of the complex can easily be 
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distinguished microscopically from crystals of B-cyclodextrin or diclofenac 
sodium which crystallise from water as colourless prisms and thin sheets (fast 
crystallisation) respectively. 

Figure 1 shows details of the host-guest interactions which include both 
hydrogen bonding and hydrophobic interactions between the phenylacetate 
residue of the drug anion and B-CD, The phenyl ring is fully inserted in the 
B-CD cavity while one carboxylate oxygen atom, 0(18), is hydrogen bonded 
to a primary, hydroxy group of the same B-CD molecule (0(18)...0(6G6) 
2 .729(6) A]. Consequently, this primary hydroxy adopts the + gauche form 
with the CX6>0(Q bond directed towards the host cavity in contrast to the six 
remaining jmm^ hydroxy groups which adopt the -gauche conformation, as 
usually observed. The orientation of the carboxylate group is determined by an 

. intramolecularhyd^ 

occurs in the crystal structure of sodium diclofenac tetrahydrate. The bulky 
dichlorophenyl moiety, whose minimum dimension is close to the maximum 

. effective diameter of the apolar host cavity (7.8A), protrudes from me primary 
face of the host and is sandwiched between the B-CD molecule shown in Figure 
1 and one directly above, related by a crystallographic screw hexad. The Na* 

V ion is situated at mei periphery of the B-CD molecule and is approximately 
qctahedrally cc-prdinated by oxygen items of three water molecules [0(1W), 

: ., CK6W), (H^Mt^y hydroxy; group of B-CD [0(6G6)], and two 

. . secondary hydroxy!g^oups .of a : : symmetry-related host; molecule [0(204^, 
OeG^.l = l Vy,l - x:+ y,.4/6 + z). the Na + ...0 distances are in the range 
: 2;269(6)-2.611(6Y^^^^^^^^V^^Y . • \ ' : - 

& The complex uw^^ a regular healt-tb-tail 1 mode 1 ' via' W 6,-akis which 
. . passes ^ 

' = : molecule. M shpwn^m Figure ?, this re^te in an 
i v with a pitch of 5 i} A. Ah important toer^cuon <»ntributmg to the head-to-tail 



Wlf&'-t':: ■ Stacking is a s^bng^ydfog'en bond betwe^ carboxylate oxygen atom- 0(19) . ;.: .' %V,y- 



and i the swondary hydroxy gro^ 
= y, -i'+V; 2:565(6^ andO - H...0 I7i(2>, Other 
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stabilizing interactions between the primary face of the B-CD molecule shown 
in Figure 1 and the secondary face of a 6,-related host molecule are 0(6G7> 
H...O(3G«) with CO 2.639(7) A, O-R.-0 175(3)', 0(6G4)...H-0(2G6») with 
O .0 2.690(8) A, 0-H...0 146(1 1)% and hydrogen bonds mediated by bridging 
water molecules, 0(6G2)-H...O (5W m ) -H...0 (2G3") (III -1 + x, y. z) and 
0(18)...H-0(lW)-H...O(2G7 n ). 

The conformation of the B-CD molecule in this complex is distorted to a greater 
extent than is usually observed. The heptagon composed of 0(4) atoms is 
irregular with side lengths in the range 4.238(7)-4.496(5) A and the angles 
subtended at the 0(4) atoms are in the range 120:M31.6° : Tbis distortion is 
partly due to the dichlorophenyl residue which rests on the secondary face of 
the host The tilt angles for glucose residues G1-G7 are 5.5, 4.2, 13.5, 28.7, 
7.0, 11.8 and 31.7°; The largest values, for G4 and G7, can be attributed to an 
intermolecular hydrogen bond 0(2G4)-H...O(3G7' v ) (IV = x : , 1 + y*>- 
Despite these distortions, the distances 0(3Gn)...0[2G(n + 1)] are in a relatively 
narrow range of 2.716(6) to 3.022(7) A and the usual intramolecular hydrogen 
bonds which impart 'roundness' to>CD appear to be largely maintained. f~§0M 

Columns of complex molecules; one of which is shown in Figure 2, pack in a 

hexagonal array and are held together by.a complex network of hydrogen bonds , |^|||| 
involving fl-CD hydroxyl groups and water molecules; The complex thus 

crystallizes m u^te layers (plane group P 6) parallel to the (001) planes, ^S^h 

complex molecules in each successive layer being rotated by 60° about the c- f&§§Z 
axis from those in i the layer above. 



The water molecules were exceptionally well-behaved at the low temperature 



■V'\-';;;>;^:;-:.- : v;^jV,: 



' The." thermal decomposition bf me complex' has been studied by (£$0*% 
thermogravimetry(TG) and differential ^ scanning calorimetry(pSC). 

': ;Thermogravimetric analysis shows a 12.02 weight percent loss between 25°C 



and i50°C, which corresponds to 11 water molecules of crystallisation. / : 
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of the X-ray analysis, yielding final U«, values in the range 0.03-0.08 A 2 and 
showing no signs of disorder. The TG trace indicated that dehydration occurs 
in at least four steps, each of which is accompanied by a corresponding 
endotherm in the DSC trace. It is possible to rationalise these observations on 
the basis of the different environments of the water molecules in the crystal, 
those involved in weak hydrogen bonds being released first and those 
coordinated to Na + or engaging in multiple hydrogen bonds desorbing during 
the later phases of mass loss. TG, DSC and thermomicroscopy indicate that on 
. further heating, the complex does not melt but begins to decompose at 
approximately 473 K. 



Example 2 ^ 

Diclofenac sodium (6,6 g) and beta-cyclodextrin (23,4g) are screened (30 mesh) 
and tumble mixed: The imScture is transferred to a mortar. Deionised water (10- 
15 ml) is gradually added with vigorous mixing to produce a uniform paste, 
Vigorous mixing is continued for 04 hours ensuring a uniform paste-like 
consistency throughout the operation. The mixture is oven dried at 40°C. The 
dried mass is crushed and passed through 30 mesh screen. The powder is 
homogenised in a powder mixer for 10 minutes. The product contains 21 % 
; m/ra diclbf^ by HPLC. The water content of the 

product is between 9 and l l; % m/mas'd^ Karl Fisher titration; The 

molecdar composition of the prod^^ 

sodium, 1 mpiecuie -b^ui cycl^ 7 and 10 water molecules. 

The particle size of me product' corresponds to 90% less than 30 microns as 
measured binder a light mcro^cope: The morphology of tne bomplex resembles 
very fine fiactured:crys^lwe.particies.^ 



Example 3 

Diclofenac sodiunV(841 g), beta cyclc>dextrin (3000 g) and microcrystalline 




cellulose (580g) are blended in a tumble mixer for 10 minutes and transferred 
to a mixing vessel. Purified deionised. water (10,5 litres) is added and the 
mixture is vigorously stirred for 0,5 hr to produce a uniform slurry. The slurry 
is treated with a colloid mill and immediately spray dried under the following 
conditions using rotating disc atomization: inlet temperature 150°C; outlet 
temperature 60°C; feed rate 5 litres per hour. The product (3927 g) is obtained 
in 89 % yield and contains 20 % m/m diclofenac sodium as determined by 
HPLC. The water content of the product is between 7 and 11 % m/m as 
determined by Karl Fisher titration. The molecular composition of the product 
thus corresponds to 1 molecule diclofenac sodium, 1 molecule beta cyclodextrin 
and between 5 and 10 water molecules in addition to microcrystalline cellulose. 
The particle size of the product corresponds to 90% less than 50 microns as 
measured under a light microscope. The morphology of the complex resembles 
very fine spheroidal amorphous particles. 



Example 4 

The complex (500 mg) prepared according to Example 2 is added to 2ml 
deionised water at room temperature in a screw cap vial, The vial is sealed and 
placed in a laboratory shaker. The mixture is allowed to shake for 5 minutes 
and then equilibrated for 24 hours. The supernatant is filtered through a 0,22 
micron filter and analyzed; for diclofenac concentration by HPLC. The 
equilibrium water solubility of the complex corresponds to 38 mg/ml diclofenac 
sodium. The equilibrium solubility of diclofenac sodium in the absence of beta 
cyclodextrin under identical conditions is 5 mg/ml. , 



Example 5 

A sample (Sample 1) of the inclusion complex obtained in Example 2 is 
analyzed by X-ray powder diffraction. A stoichiometric physical mixture is 
prepared by tumble mixing 0,66g diclofenac sodium with 2,34g beta- 
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cyclodextrin. A sample of the physical mixture (Sample 2) is analyzed by X-ray 
powder diffraction under identical conditions to Sample 1. The peak positions 
in Sample 2 correspond with the sum of individual diffraction patterns for 
diclofenac sodium and beta-cyclodextrin. Sample 1 shows entirely; different 
peak ppsitions when compared with. Sample 2 and bears significant resemblance 
to the pattern shown in Figure 3. The X-ray powder diffraction pattern of 
Sample 1 is therefore characteristic, of a crystalline form distinct from either 
diclofenac sodium or beta-cyclodextrin and may be taken as direct evidence of 
inclusion complexation. The Xi-ray powder diffraction patterns of Sample 1 and 
Sample 2 are shown in Figures 4A and 4B. 



Example 6 ■ 

A. stoichiometric;, phy^^ mixing 0,66g 

diclofenac sodium ^th2;34^be^ of the mixture (3mg> 

is triturated with ^300rr^p^ an agate mortar* A 

sample of the ^rriplex: ^ta^dfrbm Example 2 (3mg) is triturated with 
3Q0mg potassiu^ sample cup of a 

diffuse reflect^ is filled with KBr and the : sample : 
analyzed as background ty fouri 

Elmer Paragon l 000 ins^ scans with a resolution of 4 cm* 1 . The 
KBr/- physical- .M samples are run under identical^ ; . ; WM^mMi 
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strong beta-cyclodextrin C-0 and C-C absorption bands at 1 155 and 1031 cm"' 
respectively, the reduction in intensity of the diclofenac bands at 1574, 1556, 
1453, 1410, 765 and 747 is between 40 and 60 %. The reduced intensity is due 
to vibrational restrictions imposed on the guest molecule in the cyclodextrin 
cavity, and may be taken as direct evidence of inclusion complexation. 



Example 7 



The reaction between diclofenac sodium and beta-cyclodextrin in water may be 
demonstrated by proton nuclear magnetic resonance (NMR) spectrometry. 
Proton magnetic resonance experiments were performed on a Broker AMX R 500 
spectrometer with probe temperature at 303K. Solutions of diclofenac sodium 
(DIC) and beta-cyclodextrin (BCD) were prepared in D 2 0 and mixed in varying 
proportions to obtain continuous variation plots (Job plots) from which complex 
stoicbiometry may be interpolated, the total concentration [DIC] + [BCD] was 
kept constant (lOmM) and the ratio (r) was varied from 0,1 to 0,9, where r = 
[DIC]-s-[DlC] + [BCD]. Chemical shifts (8) were measured relative to external 
tetramethylsilane. Two-dimensional nuclear Overhauser enhancement (NOE) 
spectra were recorded in the rotating frame (ROES Y) for a solution of 
DIC/BCD with r = 0,4. A spin locking time of 150 ms was used. 

Molecular modelmg was r^rformed using Hyperchem™ software. Molecular 
mechanics calculations involving rigid body docking and energy ininimizations 
were performed using the MM+ force field. Initial structures of BCD and DIC 
were based on X-ray data. Calculations were performed on the. two* possible 1:1 
■ isomeric 5 co'h^fexes as weil as on the latilCtertnmfiex:^ structure and 
notation of DIC and- BCD are shovvn in Figure 6. 

: Plots of the observed A8 • [BCD] or AS • [DIC] as a function of r .leads to Job 
.plots given m 3' and 5' BCD protons as weU 

: as the F,H cMorophenyl protons give large shifts . arid symmetrical curves with 
a maximum, at r =. 0,5 indicating a 1:1 stoichiometry. in the case- of the 



■/;■■/.■■ 




phenylacetate B,E protons, small shifts were observed giving ris 
unsymmetrical curves with the maximum at r apparently less than 0,5. 
result suggests the possible, formation of a 1:2 DIC&CD complex. 



From the 2D ROESY spectrum, cross peaks were observed between F,H and 
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The Ac-di-sol, microcrystalline cellulose and starch are premixed in a blender. 
The diclofenac sodium-beta cyclodextrin complex is added to the mixture and 
blended. The magnesium stearate is screened in and blended. The mixture is 
compressed into tablets. 




